Cognitive disturbances with neglect-like features have been reported occasionally in patients with chiasmal disorders, so far however with no obvious substrate by conventional brain imaging. Thus, there were no right hemisphere lesions that could explain the lateralised visual inattention as observed in particular during monocular visual acuity testing. On this background, we further examined four adult patients who consented to functional 18 F-fluoro-deoxyglucose (FDG) positron emission tomography (PET) scan. In three there were no significant findings. The fourth patient, a 26-year-old male with cognitive defects after surgery for craniopharyngioma, will be discussed in more detail. His PET scan demonstrated a widespread reduction of regional metabolic activity in left hemisphere primary visual cortex and higher order visual areas, despite absence of explanatory pathological signal changes on MRI. As present in only one out of four patients, however, the findings do not allow specific pathogenetic mechanisms to be suggested, nor generally to substantiate involvement of higher cerebral circuits. Obviously, even developed imaging has its limits, and in the very theory the visual dysfunctions observed might still depend on higher brain centres' faulty adaptation to loss of pre-geniculate visual information.
Introduction
Reading can be disturbed out of proportion to visual acuity findings in patients with lesions of the chiasm, and some patients cannot mobilize the search saccades as usually triggered during monocular visual acuity testing. Accordingly they show neglect-like visual inattention to the temporal part of the visual chart [1] - [4] . Various neuro-psychological tests have confirmed the occurrence of cognitive disturbances [5] , but patho-physiologic mechanisms are not clear. MRI scan had given no clue in such cases, and after written and oral information and patients' consent 18 F-fluoro-deoxyglucose (FDG) PET scanning of the brain was performed, in a search for deviating metabolic patterns. Four adult patients were studied, however with significant deviation from normal in only one, a young male aged 26 who suffered from sequels after surgery for an extensive craniopharyngioma.
To stress the clinical similarities, all four case stories are given below, though with more detail regarding the young male patient who has shown positive findings on the functional PET scan (Case No. 4) .
In respect of the tenets of the Helsinki Declaration, all had given informed consent to the study.
Case Reports

Case 1
A 53-year-old female laboratory technician with well controlled diabetes type 2 had visual disturbances of the left eye over 2 months, when first seen. Best corrected visual acuities (BCVA) were 1.0 and 0.4, and the left eye further had dyschromatopsia (Ishiharas plates). Initial tangent screen examinations (white 5/1000) indicated normal visual fields, but Octopus static perimetry subsequently suggested relative bitemporal loss of sensitivity, and CT scan demonstrated a 3 × 3 × 3.5 cm suprasellar tumour. Visual complaints worsened after extirpation of a pituitary adenoma, visual acuities fell to 0.8 and 0.16, and both eyes showed neglect-like temporal blocking on the visual chart when tested monocularly. She further presented temporal hemianopia for all isoptres, and the absolute losses of the left eye even crossed the mid-vertical. Binocular reading was hampered due to "loosing words", and cognition in space presented misinterpretations. Optic disc atrophy developed. By neuro-psychological testing her left eye showed substantial losses by Gothenburg test, BIT star test, and chimeric faces. The right eye only had slight losses, but cofunction was poor when binocular.
Only slight improvement over 11 years follow-up. A functional FDG PET scan was added in 2012, however without indicative findings.
She is on a pension.
Case 2
A 39-year-old locksmith with headache and visual loss over a month, BCVA at admission 0.1 and 1.0. Tangent screen showed inferior temporal defect of right eye, left eye normal. His orientation and navigation in space became severely impaired after extirpation of a 2.5 × 2.5 × 2.5 cm pituitary tumour, despite a maintained BCVA of the left eye of 1.0. Visual testing, however, demanded extra time, and the right eye had not improved. Massive bitemporal visual field losses were demonstrated, to midline of the better eye and above midline for the right eye. Both optic discs were pale, and a 6 pd horisontal diplopia could not be relieved by prisms. By monocular visual acuity testing the right eye kept the pattern of catching only the nasal column on the chart, whereas eventually the left eye could compensate for the initial neglect-like temporal ignorance and, letter by letter, deliver the full line. Reading a text has remained slow and fragmented. At most neuropsychological tests, his right eye could not cope with the demands. The Gothenburg test, BIT star test, chimeric faces and line division were passed close to normal for the left eye, provided he was allowed to choose a skew gaze direction.
Only slight functional improvement over 10 years follow up, when he had functional FDG PET scan performed, in 2013, without explanatory findings.
He is on a pension.
Case 3
A 42-year-old female office clerk was referred for bilateral loss of visual acuity and field. At admission right eye BCVA was 0.25 and left eye 0.7. Colour sense was normal, but reading a text was slow. Surgery for cranio-pharyngioma appeared uneventful, but four days later malaise and loss of vision occurred. Monocular testing of vision was not feasible, and binocularly she could hardly catch the visual chart at a distance of 1 meter. The right eye however soon improved, to 0.9 BCVA, though with full ignorance of the temporally located test symbols on the chart. The left eye had dropped to visual acuity 0.03, but conceived only on and off, nasally on the chart. A massive bitemporal hemianopia tended to incorporate the vertical midline in the defect. Poor reading ability (easier vertically!) and spatial disorientation were also noted. Optic discs pale, partly atrophic. Neuropsychological testing: Only moderate drop out by all tests, provided lots of time allowed; reading slow with loss of words. In the binocular situation trouble regarding eye-hand coordination.
Still severely incapacitated in everyday functions, over 10 years, and no explanatory findings at the FDG PET scan performed in 2012.
Case 4
A 26-year-old otherwise healthy male IT technician had a large parasellar tumour diagnosed on MRI scan of the brain. The exam was prompted by general loss of concentration, headache, and fainting episodes over 2 -3 weeks, and ophthalmic evaluation was not carried out prior to the first neurosurgical approach, in December 2009. This had the character of an emergency decompression, a large cystic craniopharyngioma being partially removed transnasally. Immediately after surgery he had best corrected visual acuities of 0.6 right eye and 0.4 left eye, and bitemporal hemianopia was recorded. Transcranial extirpation of residual tumour was performed one year later, based mainly on poor capacity in his job and a considerable weight gain. A 9 mm suprasellar cyst formation on MRI led to stereotactic radiotherapy (July 2012).
Reading a text had become increasingly difficult, sometimes also cognition in space, and he is currently followed in the University Clinic for Brain Damage. He is under hormone substitution for pituitary insufficiency and has had a single episode with convulsions.
His post-radiation ophthalmic state has been stable. Each eye can yield a slow 0.4 decimal visual acuity, however with an obvious nasal preference on the chart, manifesting as visual ignorance and "blocking" of the search saccades to the temporal side. Using both eyes, he can compensate for the lateral attention deficit and also read a medium size text (N8), though slowly and without natural rhythm. There is a left eye relative afferent pupil defect.
Both eyes had complete loss of colour sense, whereas contrast sensitivity was reduced only slightly (PelliRobson). Kinetic Goldmann and static Octopus perimetry both indicated bitemporal hemianopia (Figure 1) . Pursuit eye movements appeared normal and alternate cover test indicated a slight exophoria. A hemifield slide disturbance could not be demonstrated by Schober's test (red-green dissociation), where the left eye image was ignored or suppressed most of the time. Except slight pallor of both optic discs fundus examination was normal, and MRI scan in 2013 has given no indication of tumour recurrence.
The FDG PET scan was performed in 2013. In addition to visual analysis, a quantitative 3-dimensional stereotactic surface projection analysis (Scenium (v 3.0), Siemens) was employed that allowed direct visualization of the extent and the topography of FDG uptake abnormalities. In addition, the PET images were co-registered to T1 and T2 weighted cerebral MRI scanning performed 7 months before, for identification of structural pathology and identification of anatomical structures. Significant metabolic reduction compared to a database of healthy subjects were found in the orbitofrontal cortex corresponding to treatment related damage after surgery, but also in multiple left posterior cortical areas known from extensive clinical studies and brain mapping experiments to subserve functions in the computation of visual input [6] [7] : the medial occipital region in the posterior part of the calcarine fissure, the inferior parietal lobe, and the inferior temporal lobe, starting from the occipito-temporal junction and extending into the temporal pole (Figure 2 and Figure 3 ). Corresponding to these areas MRI had shown no explanatory pathological signal changes.
Discussion
As for the clinical features, emphasis is on the neglect-like attentional deficits as evident in all four patients when testing the visual acuity for each eye. Clinically, they all belong to the heavy tail of the chiasmal spectrum, here factually to include cognitive dysfunction. The patient thus knows there is a full line of optotypes, but [4] . Obviously, the usual search saccades cannot be triggered. The patients further presented loss of former abilities also when binocular, for instance when confronted with a simple text, in print or on screen [5] .
The left eye Goldmann perimetry isoptres shown in Figure 1 illustrate an apparent paradox, as evident also in the worse eye of the other patients under study: fixation is maintained and centred in the bottom of the Goldmann globe despite the apparent position of the fixation mark in the recorded scotoma zone. Goldmann recordings might further suggest a blind central bar along the mid-vertical in binocular visual space, but this is refuted by hand movements (testing by bimanual confrontation) and likewise by targeted small object (white 5/1000) binocular tangent screen examination. This seems in accord with many chiasmal patients' lack of noticing visual field trouble, in part obviously by virtue of the two mainly undisturbed nasal half-fields. An element of neglect may further contribute to ignorance, and the apparent absence of complaints may explain clinicians' occasional omission of early visual field testing. However, the striking performance at customary unilateral visual acuity testing should alert the medical staff and trigger the essential evaluation of the visual field. The specific neglect-like behaviour of nasal reading/temporal blocking is only sporadically emphasised in textbooks [1] [2]. In earlier clinical series we gave lengthy consideration to the clinical variety. It may range from solid evidence to discreet hints only, it can be uni-or bilateral, and complaints may be minimal [3] - [5] .
The distribution of relative regional cerebral glucose metabolic rate (rCMRglc) is recognized as an indirect imaging biomarker of neural activity, as assessed here by FDG PET scanning [6] [7] ) The expectations were that the PET scanning of the brain might suggest compensatory functional pathways in the brain of relevance for the deviant visual behaviour under study, possibly to indicate dysfunction of higher order visual areas. For instance, this could be through a coupled functional deactivation or disconnection syndrome known as diaschisis, either by the loss of afferent neural input via connecting white matter tracts from the primary cortex (V1), or through the lateral geniculate body [8] - [10] . Diaschisis is a frequent clinical functional neuroimaging finding in other contexts, e.g. crossed cerebellar diaschisis in patients with frontal lobe damage.
Attentional neglect may include disordered saccades. Most often it is associated to lesions in the right inferior parietal lobe, however with a definite role also for the frontal lobe, as based on frontoparietal and other network associations [11] - [16] . Splenial interhemispheric disconnection has further been reported, with the authors' suggestion that deprivation of sensory inputs to intact parietal and frontal areas can also yield spatial neglect limited to specific sensory modalities or sectors of space [17] . Imaging in our feature case (patient No. 4) presented extensive frontal lobe defects, as direct sequels to the open brain surgery performed. Possibly this was a co-factor underlying his attentional deficits [18] , but similar lesions of a frontal location were not disclosed in the other patients of the present series.
Comparing clinical features in general, another item should be mentioned: Typical neglect is on a proven lesional basis, with emphasis on macroscopic gray and white matter pathology, usually in the right hemisphere and presenting binocular visuo-spatial neglect in the left hemifield. In contrast, the characteristic single eye neglect-like features in chiasmal patients may lateralise to either side, and damage to the optic pathways usually appears the main or only lesion to brain tissue. Thus there is no obvious structural link to the pathology that typically underlies the attentional deficits known as classical visual neglect.
Conclusions
In summary, chiasmal patients' occasional neglect-like behaviour at single eye vision testing, sometimes combined with cognitive disturbances, has been recognized for decades. Neuro-psychological evaluations and MRI scans of the brain, however, have not disclosed obvious pathophysiological mechanisms. This motivated the present study, where functional PET scan presented evidence of suprageniculate functional deficits in cortical areas known to play a role in primary visual and visuo-spatial analysis, though only in one of the four chiasmal patients actually under study. Accordingly, more specific generalisations are not allowed regarding abnormal brain processing as possibly associated to pre-geniculate visual pathway disorders. In the theory, however, such pathology might have curtailed information to supragenicular networks usually considered of importance for cognition in free space [12] - [16] .
Our second aim with the presentation was to direct the attention of ophthalmic colleagues when confronted with reading trouble out of proportion to visual acuity findings in young patients-and/or the striking monocular lateralising behaviour on a visual chart-as potential early markers of chiasmal pathology.
